Smith: Fat embolism may be described as a condition in which there is fat circulating in the blood-stream in globules large enough to occlude the capillaries and induce multiple anoxaemic foci. It was first produced experimentally bv Richard Lower in the seventeenth century, and the first adequate description of the clinical and pathological features was given by Wagner in the middle of the last century, but pathologists must be blamed for the widely accepted attitude that it is a rather uncommon complication of a fracture of a long bone. The condition has been more generally recognized in America and on the Continent than here, and this can probably be attributed to the fact that their organization for the investigation of violent deaths is much superior to our own. There is no doubt that gross trauma is the most frequent causative factor in fat embolism. In mv series of 115 accident cases I regarded it as plaving a significant part in the fatal outcome in 25 o, and Vance, in a rather larger series, put the figure at 20O'. Clearly the assessment of the importance of fat embolism in an accidental death is a difficult and arbitrary matter-in a man with a fractured base and gross cerebral laceration dying in a few hours it is immaterial how much fat embolism is present, whereas in a case of fractured tibia dying in three days with pulmonarv or cerebral symptoms, the presence of fat embolism is probably significant.
Section of Neurology
President-GEOFFREY JEFFERSON, MI.S.
LillarcIz 19, 1941] DISCUSSION ON FAT EMBOLISM AND THE BRAIN Dr. A. H. T. Robb-Smith: Fat embolism may be described as a condition in which there is fat circulating in the blood-stream in globules large enough to occlude the capillaries and induce multiple anoxaemic foci. It was first produced experimentally bv Richard Lower in the seventeenth century, and the first adequate description of the clinical and pathological features was given by Wagner in the middle of the last century, but pathologists must be blamed for the widely accepted attitude that it is a rather uncommon complication of a fracture of a long bone. The condition has been more generally recognized in America and on the Continent than here, and this can probably be attributed to the fact that their organization for the investigation of violent deaths is much superior to our own. There is no doubt that gross trauma is the most frequent causative factor in fat embolism. In mv series of 115 accident cases I regarded it as plaving a significant part in the fatal outcome in 25 o, and Vance, in a rather larger series, put the figure at 20O'. Clearly the assessment of the importance of fat embolism in an accidental death is a difficult and arbitrary matter-in a man with a fractured base and gross cerebral laceration dying in a few hours it is immaterial how much fat embolism is present, whereas in a case of fractured tibia dying in three days with pulmonarv or cerebral symptoms, the presence of fat embolism is probably significant.
Naturallv the extent of the trauma is important; it is most frequent in cases of multiple fracture, particularly in those involving the long bones, but it may occur in cases in wvhich the skull alone has been fractured, or indeed where there has been no fracture at all. I have looked for fat emboli in a large number of cases dying after cranial exploratory operations, and also in a smaller series of orthopoedic cases where purposeful trauma has been applied to the bones, and have only found it in minimal degrees.
Apart from cases of accidental trauma, fat embolism may be found in severe burns (though it is usually slight in amount), following manipulations, or the therapeutic injection of oilv solutions; and it appears to be an important and frequent complication of poisoning by ammonia and other alkalies. Although there may be a considerable lipcemia in diabetes, subacute Bright's disease and to some extent after an adequate meal, vet symptoms of fat embolism do not develop, as the emulsion is a very fine one.
There is still considerable disagreement with regard to the source of the fattv material and its mode of entry into the circulation. Rarely the injurv may rupture a large vein and damage the sLurrounding fatty tissue so that a considerable mass of fat is drawn into the circulation but the mechanism is usually more subtle than that. Owing to the recognized association of the condition with fractures it has been suggested that fat from the marrow is forced into veins of the medullarv cavitv at the moment of impact, or that there is a slow seepage either by vein or lymphatic, of the extracellular fat that is found around a fracture, or tlhat, as a consequence of the injury, substances enter the blood-stream and change the phvsical state of the plasma lipoids or lipo-proteins. The history of many but not all cases favours a local rather than a hamic origin of the emboli.
With regard to the traumatic cases arising without fracture, similar explanations have been put forward, and it has been shown that fat embolism can be induced in animals AUG.-NEUR. 1 either by local trauma or by centrifugalization. In alkali poisoning there is a considerable alteration in blood chemistry but whether a true hyperlipaemia is induced or a lipoproteolysis is by no means clear.
The clinical picture of fat embolism differs according to whether almost all the fat is held up in the lungs, or whether it enters th'e systemic circulation to produce emboli in the brain, heart, &c.
In pulmonary fat embolism it may rarely happen that a considerable mass of fat enters the circulation owing to the tearing of a large vein, and obstructs the pulmonary arteries or their main branches. In these cases the symptomatology is exactly comparable with a pulmonary embolism induced by a dislodged blood-clot. The classical picture of pulmonary fat embolism is to be seen in an accidental injury usually with a fracture and often in cases in which there has been delay in immobilization. At first the patient may show symptoms of shock, but these pass off as the result of treatment, and the clinical condition appears ,satisfactory for a period ranging from a few hours to a day or so. There will then be complaint of vague pains in the limbs, a sense of thoracic constriction, and dyspncea with a pale cyanosis; there is considerable distress, the pulse and temperature rise as well as the respiration rate but the blood-pressure does not fall. Examination of the chest reveals a few r'ales but no signs of consolidation, and the patient may bring up a little frothy sputum similar to that seen in acute pulmonary . oedema. There is no gross venous engorgement, but venipuncture is easily achieved in contrast to the difficulty often experienced in obtaining blood samples from the collapsed veins in shock. The patient may die during this anoxaemic phase with signs of acute right heart failure, but usually the severe symptoms diminish, the respiration rate continues high, sputum at first blood-stained and later purulent is brought up and signs of pneumonia develop which may resolve after about a week or end fatally.
The differential diagnosis in the acute anoxiemic phase is clearly between shock and internal haemorrhage, and I have stressed the features distinctive of fat embolism which are essentially those of acute pulmonary cedema. In the later pneumonic stage a true pneumonic consolidation does develop with, in some cases, a secondary infection.
Skiagrams of the chest have been obtained in a few of our cases and in published accounts, and, though they show irregular opacities, yet the appearances are not characteristic enough to be of value, though the rapidity with which the opacities disappear is striking. Examination of the sputum in the acute phase is of no value but in the pneumonic phase fat will be found in considerable amournts; however, the interpretation of this is not easy for in many cases of chronic bronchitis much fat is brought up in the sputum and it is essential to differentiate between extracellular fat in large globules 1.
--and the histiocytes containing finely divided fat. It has been claimed that there is a sudden anvemia in cases of pulmonary fat emnbolism, but this has not been our experience.
The morphological lesions found at post-mortem are characteristic. The right heart is dilated, and on centrifugalization of specimens of blood from the right and left heart cavities it will be found that a considerable laver of fat forms on that from the right side but little if any on that from the left, though the arterial blood is much more concentrated. The lungs are heavy and show a mottled appearance oNving to alternate areas of emphysema, cedema and congestion; fat may be seen, naked eye, on the cut surface, and a fresh preparation made by taking a small snippet of lung and clearing it for a few minutes in a drop or two of 2% potash readily reveals emboli ( fig. 1 ). In sections embedded in paraffin all that can be seen is the congestion, rdema, and emphvsema, but frozen sections stained for fat show the presence of large numbers of emboli (figs. 2 and 3). In the pneumonic phase the lung has the appearance to the naked eye and microscopically of a lowgrade pneumonia, but frozen sections reveal much fat both in capillaries and in the alveoli;
in the late pneulmonic stages very little fat may be found in the lung although there are considerable amounts in the brain and other organs.
Symptoms of systemic fat emboli may follow those of pulmonary fat embolism but in a number of instances the pulmonarv symptoms are trivial and the nosograph is essentiallv that of cerebral embolism. It has been suggested that in those cases which show cerebral symptoms without prexvious ptulmonary ones the fat has passed through a patent foramen ovale, but this seems unlikely. In svstemic fat embolism the symptoms do not usually develop until two to three days after the accident, and are characterized at first by a delirium which is frequently very violent, alternating with stupor which merges into coma; localizing signs are uisually absent or, if present, are chaotic; hyperpyrexia is usual and it is not uncommon to find petechial hoemorrhages on the skin of neck, chest and arms, and their presence greatlv facilitates a diagnosis.
Lumbar puncture shows no increase in intracranial pressure and no constant cvtological or chemical change although fat has been described in the cerebrospinal fluid. Naturally in cases in which there has been a cerebral injury in addition, the picture mav be obscure.
Examination of the optic fundi may be of assistance, and Dr. Jameson Evans has recently described the ophthalmoscopic appearances in a patient with cerebral fat embolism who recovered. He was a man aged 23, who suffered fractures of several long bones, and three days after the accident he developed a surly subcoma and petechial hcemorrhages. Ltlmbar puncture gave a clear fluid under normal pressure but fat was present in the Lirine. Examination of the fundi revealed diffuse cedema of the retina, most marked on the mactular side; there were also areas of crescentic pallor and subhyaloid h-emorrhages.
i Eight days after the accident his mental condition began to improve, and at the end of a fortnight the eye condition was resolving. Another feature which has been described is segmentation of the columns of red cells in the vessels by the fat. With regard to examination of the urine and blood for fat there is considerable disagreement. Blood fats from the point of view of the physical state have not been studied at all and if the urinary fat is to be examined certain precautions must be taken. The fat floats on the surface of the urine in the bladder and accordingly it is imperative that the bladder must be completely emptied, preferably by means of a catheter, which, needless to say, must not have been lubricated with oil. The urine should then be centrifugalized in a Babcock tube such as is used for estimating the fat content of milk.
At post-mortem the kidneys show no naked-eye changes but frozen sections show much fat in the glomeruli and indeed fat emboli may be found in all the viscera. A form of cardiac fat embolism has been described with cardiac irregularities, and in some cases with signs of coronary ischaemia, but I have not observed it although miliary foci of necrosis in the heart muscle are often found in systemic fat embolism.
Some observations on treatmient.-The prophylactic treatment is the basic first-aid treatment of a fracture-as complete immobilization as possible. It is further recommended that manipulations should be carried out with a tourniquet in position and that this be released slowly. It has been shown in animals that a much larger amount of fat can be tolerated without symptoms if it is injected slowly. It has been suggested that effusions around fractures should be drained, but this seems of doubtful expediencv, though it is true that fat embolism is much less frequent in compound than simple fractures.
In the stage of pulmonary cedema and anoxaemia, oxygen through a B.L.B. mask should be administered and, in view of Dr. George Graham's observations on acute pulmonary cedema, subcutaneous adrenaline should be tried: intravenous administrations of fluid should be withheld or suspended for they can only increase the pulmonarv cedema, and indeed phlebotomy would appear rational and has been advocated. However, it is difficult to decide as to intravenous therapy in cases suffering from shock or blood loss which need either plasma or whole blood, yet from practical experience I am confident that only harm and sometimes a fatal outcome may result if this form of therapy is persisted in when signs of pulmonary oxdema develop. The patients are more comfortable propped up. Morphia is probably best withheld and it is doubtful if either atropine or stimulants of the coramine type are of any value.
With regard to specific therapy numerous drugs have been proposed. Wegelin suggested the intravenous infusion of sodium carbonate to saponify the fat, but this is unsound theoretically and has not proved of value in practice. Recently Rapport has advocated the use of sodium desoxycholate intravenously in order to emulsify the fat and reduce the blood viscosity. We tried it on one patient and the pulmonary symptoms certainlv improved but he developed cerebral fat embolism and died. In collaboration with Professor Burn we have been trying out its effect on animals with experimental fat embolism and so far it would appear to be definitely harmful. In the pneumonic phase symptomatic treatment must be followed and in cerebral fat embolism a similar course can only be suggested though repeated lumbar puncture has been advocated.
Prognzosis.-In the past only the most severe cases have been recognized and the vast majority of these have ended fatally. Yet there is little doubt that in its severe and milder forms fat embolism is a more frequent complication of injuries, and it is probable that a more general recognition of the nosographs of pulmonary and systemic fat embolism will cause a decrease in the incidence of delayed shock, traumatic pneumonia and delirium tremens and an increase in the number of recovered cases of fat embolism and possibly a more rational form oT therapy. Mr. Alan H. Hunt: The significance of fat embolism is undetermined. A few will overestimate its importance and, conscious of the frequency of its occurrence, will suggest it on every possible occasion; others will dismiss it as a problem hardly worthy of practical recognition. Its place in a consideration of the complications of trauma lies between these two extremes.
Traumatic fat embolism may be defined as the lodgment of numerous fat globules in the smaller vessels of the tissues. If we recognize that emboli of fat can be demonstrated in about 50% of the lungs of all cases that come to necropsy (Lehman and McNattin, 1928) and in about 85% of the cases of trauma (Lehman and McNattin, 1928 , Vance, 1931 , then we must have criteria of severity in order to be able to see the condition in its right perspective. Vance considers that severe cases are those in which fatty emboli can easily be found post mortenm in the systemic as well as in the pulmonary circulation of the body. Dr. Robb-Smith (1941) has suggested a rough standard for counting the number of emboli in the lungs. A combination of these two methods provides us, as pathologists, with an estimate of the extent of embolism. Clinically we can only judge its incidence by the svmptoms, signs and secondary effects. In fatal cases we can only tell the extent to which it contributed to the death of the patient by a careful correlation of the clinical and the pathological findings. In death following severe fractures fat embolism appears to occur in a severe form in at least 15% of cases, and to be the major factor in the fatal outcome in at least 5%.
That, in itself, should warrant its recognition by every doctor. It is one of the most important factors in any consideration of the differential diagnosis, prophvlaxis and treatment of the complications of trauma. If an effective specific remedy for fat embolism is discovered, its routine prophylactic administration will have to be considered in a high proportion of cases of severe injury, whether fractures are present or not.
The pulmonary manifestations of the disease are essentially non-specific in natulje, except in those cases in which the acuteness of the cdema appears to produce a critical anoxaemia. The patient may be almost normal until about two hours before death, when he suddenly collapses with a so-called " acute traumatic pulmonary cedema " which venesection fails to relieve. Microscopical examination of the lungs in such cases will show overwhelming numbers of fatty emboli within the smaller vessels. These emboli must have been accumulating for many hours during the symptom-free interval and the number that pass on to the body generally will vary.
The clinical manifestations of systemic or cerebral fat embolism are, in contrast to those of the pulmonary type, most characteristic. The multiplicity and changeabilitv of the cerebral signs and symptoms, the cutaneous petechial haemorrhagic rash, evidence of pulmonary cedema or pneumonia, the temperature, pulse and respirations chart, and possibly the discovery of fat in a catheter specimen of urine, constitute a typical syndrome. It is not common and it is a very serious disease. It seems to be exceptional for such cases to recover. Benestad (1911) reported three from Germany and Whitaker (1939) two from America.
Case report.-R. M., a healthy man aged 29, w-as knocked off his bicycle by the trailer of a lorry at 7.30 a.m. on March 9, I939. He was completely aware of the accident and had no retrograde amnesia. The wheels went over his right shoulder and leg. He was taken to St. Bartholomew's Hospital immediately and admitted under the care of Professor Paterson Ross, to whom I am indebted for permission to publish this case. The patient was shocked, but perfectly rational in his actions and speech. There was no evidence of an intracranial lesion. He had sustained a comminuted fracture of the right scapula, fractures of two right ribs (6 and 7), an open transverse fracture of the right tibia just below the middle of the bone, and fissure fractures of the right maxilla and squamous temporal bone. There were also present a small pneumothorax and some surgical emphvsema of the chest wall, both on the right side. On March ii the temperature had risen to I02°F., pulse to 130 and respirations to 45. His right pupil had become larger than the left, but it reacted well to light. ioo c.c. of 50°/O sucrose injected intravenously produced no effect. The diagnosis of systemic fat embolism had been considered, but an acute subdural haemorrhage could not be excluded. A bilateral exploratory craniotomy wvas therefore performed, but nothing abnormal was discovered.
On March, 12 the temperature rose to 103-6°F. The patient could occasionally be roused and wvould sometimes take fluids by mouth He kept moving his left arm and leg in an entirely inconsequential manner, but the tendon reflexes were equal on the two sides. There was no sputum, no fat in the urine and no petechial rash. The bloodpressure was 120/80. The characteristic minute petechial haemorrhages of systemic fat embolism had appeared in profusion on the neck and over the shoulders, and in fewer numbers over the chest, abdomen, thighs, and arms. A catheter specimen of urine contained fat. The retinal vessels showed no fatty emboli or other abnormality. An X-ray of the chest showed no change in the pneumothorax, but there was some consolidation of the left lower lobe. The sputum contained encapsulated pneumococci, so sulphapyridine was administered.
March I4: Condition unchanged. March i 5: The patient was still very restless but considerably improved. He began to swear at all and sundry, thereby showing a certain interest in his surroundings. The hemiparesis had disappeared, the temperature had dropped to 99°F., pulse to 94 and respirations to 30. 3.
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The improvement continued. The teml)erature and respiration rate had settled to normal by March i8 (nine days after the accident), and the rash had disappeared by the 21St. He was then beginning to show some control of his sphincters and had become much more co-operative, though still liable to spells of drowsiness or delirium. The pulse became normal on the 23rd. Convalescence was interrupted by an attack of pleurisy lasting four days in the fourth week, when an X-ray of the lung fields showed that the consolidation of the left base had entirely resolved. Mental recovery w-as complete within a month from the accident.
He Avas discharged on April 17 and continued treatment as an out-patient till he returned to full work as a riveter in November '939. Physical disability accounted for this delay. His mental condition was normal. Now, in March 1941, he has only two complaints referable to his cerebral disease. He sleeps very little, so that he can do duty as an air-raid warden in Central London at night as well as a twelve-hour working day; and he complains of headaches when he rests. He describes the pain as nagging. It lasts about half an hour and occurs about twice in the twenty-four hours. I saw him last week and his intelligence is of a high order. His senses are normal, his mind is alert, his memory is excellent, he has a quick wit and he says he has became a voracious reader since he has been able to manage with so little sleep. coughing up blood-stained sputum; mentally confused, stupor alternating wvith violent irritability; no evidence of increased intracranial pressure. Restlessness relieved with nembutal but general condition steadily deteriorated with rising temperature, pulse and respiration rate, and signs of consolidation in lungs. Death followed six days after the accident.
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At necropsy the lungs showed gross fat embolism in the pneumonic stage.
Brain-.Macroscopic: The cerebral hemispheres were somewhat soft, particularly the lateral surface of the left occipital lobe. The cut surfaces showed irregular diffuse pinkish areas of hyperaemia distributed throughout the cortex, subcortical white matter and basal ganglia, the intervening areas being pale and moist ( fig. i) . Petechial hoemorrhages were numerous in the engorged areas of the cortex and often formed small groups; thev were less numerous in the subcortical white matter. A conspicuous group, about i cm. in diameter, occupied the left side of the corpus callosum. There was gross softening of the cortex and white matter forming the lateral border of the left occipital lobe. No macroscopic changes were present in the brain-stem and cerebellum.
Microscopic: In all areas examined a variable number of the cortical capillaries, and more rarely the precapillary arterioles, were occluded by rounded or oblong masses of fat (fig. 2 ). In addition a large number of capillaries appeared to be blocked by fibrin thrombi while others were distended with collections of neutrophil leucocytes. In many instances there was no evidence of parenchymal change in the immediate neighbourhood of the blocked vessels. Elsewhere, howvever, both the fat emboli and fibrin thrombi were associated with small hemorrhages or with areas of anxmic necrosis. These changes were not as a rule sharply defined: gradations in the degenerative changes in bodies of neurones could be traced between complete necrosis at the centre of the focus and the well-preserved cell bodies in the surrounding cortex. WVithin the area axis cylinders had undergone fragmentation and variable numbers of amceboid microglial cells had assembled. In the subcortical white matter both hoemorrhages and anaemic necroses wvere scarcer and more sharply defined. As in the cortex they were -Weigert's iron haematoxylin and van Gieson. x IS. 9 647 associated w ith fibrini thrombi in some instances, with fat emboli in others. The haemorrhages tended to be of ring form and showed the characteristic necrosis with loss of myelin in a central area surrounded by a zone of red corpuscles in which axis cylinders were fragmented and bore retraction-balls (figs. 3, 4). The area of softening in the occipital lobe proved to be an extensive anoemic infarct due to obliteration by thrombus of a large meningeal artery (fig. 5 ). One end of the thrombus showed early organization. The presence of fat in this thrombus could not be established since the tissue had been embedded in paraffin. Frozen sections of an adjacent block showed no changes in the meningeal vessels, nor did these vessels in other parts of the cerebrum show occlusion of their lumina by either fat or fibrin. The evidence therefore is insufficient to show whether this thrombus was embolic or formed in situ.
A moderate number of fat emboli were found in the basal gantglia and in all layers of the cerebellar cortex; few were present in the white matter
The choroid jlexitses showed conspicuous blocking of capillaries and small arterioles either by fat or fibrin ( fig. 6 ). Elsewhere the vessels were greatly engorged and some- times distended by masses of leucocyltes. The degree of vascular disturbance AN-as greater here than in anv other part of the brain examined. The epithelium of the I)lexuses had undergone severe degeneration of an -albuminous character often leading t-o necrosis. A large p)rop)ortion of the nuclei were pyknotic. This degeneration, though patchy, appeared to involve the greater part of the epithelium. 131). He received a depressed fracture of the right frontal bone, fracture-dislocation of the right ankle, together NNvith bruising of both groins, in a motor-cycle accident. WNhen admitted to hospital an hour later he was conscious but contused and irrational, being disorientated in space and time. He wNas suffering from shock. The head wvound wvas dressed wNith proflavine and his condition improved after -receiving 3 pints of blood plasma. The ankle wNas then manipulated and set in plaster. Soon after this he became pale, the respiration rate increased and it NN-as found that blood was being lost from the scalp wound. Accordingly this wNas redressed, a p)ortion of the depressed bone being removed, the scalp stitched and a firm dressing applied. TwNo pints of blood were given by drip transfusion and, on the day followNing the accident, he had improved. The head wound u-as then opened up, the loose fragments of bone removed and the exposed tissues dusted w-ith sulphathiazole. His condition after this was satisfactory until the following day when he became restless, the pulse-rate increased and he began having epileptic fits at intervals of from fifteen to thirty minutes. In these the eyeballs turned up)wards, the pupils being moderately dilated and fixed to light. After holding his breath for thirty seconds there was twitching of the lower jaw. His respiration became stertorous; pulse-rate ioo. Lumbar puncture yielded slightly blood-stained fluid containing 40 mgm. of protein %, 3 lymphocytes and 36,848 red cells. He died on the following day, that is, three days after the accident.
At necropsy the lungs showed evidence of fat embolism; there was gross tearing and bruising of the adductor muscles of both thighs. The scalp wound was healthy.
Braini.-MacroscoPic: At the site of injury in the right frontal lobe there was an oval area of superficial laceration, measuring S by 2-5 cm., accompanied by softening and diffuse haemorrhage extending into the brain substance as a w^edge up to 2-5 cm. in depth. This area occupied a parasagittal position immediatelv posterior to the frontal pole. There was slight cedema of the wvhole of the anterior half of the lobe. Apart from this there Nvas nothing of note in the cut surfaces except for a fewv punctiform h.emorrhages in the left superior frontal convolution and in the left inferior temporal and hippocampal convolutions.
.licroscopic: Examination of the lacerated area in the right frontal lobe showved no notewvorthy features beyond the degeneration, fragmentation and hwemorrhage consequent upon trauma. Elsewhere the cerebral cortex, subcortical white matter and the choroid plexuses show-ed vascular and parenchymal changes similar to those already described, but much sparser. The cerebellum, including the dentate nucleus, w-as not affected.
DISCUSSION
The clinical and pathological features in Case I may be regarded as classical. The sequence of events after the accident was sufficiently clear-cut to enable a clinical diagnosis of cerebral fat embolism to be made. In Case II, on the other hand, it is hardly surprising that this diagnosis was missed in view of the coincidence of a severe brain injury, and the frequency with which epileptiform attacks may occur in the first days after cortical injury. The possibility of cerebral fat embolism as a complication of head injury should always be borne in mind when injuries have also been inflicted upon other parts of the body.
The histological features of the two brains examined agree substantially with the detailed descriptions published by Gauss (1916) and Neuburger (1925) . Neither of these authors, however, mentions the choroid plexuses. My experience suggests that these structures are extensively involved in cerebral fat embolism, which is perhaps not surprising in view of their highly vascular character and their function in the formation of the cerebrospinal fluid. The observations in these human cases agree with those of Fazekas (1935, 1938) in experimental fat embolism produced by sodium hydroxide and ammonium hydroxide poisoning in cats and guinea-pigs. In these experiments the choroid plexuses were more extensively involved than any other tissues after the lungs. Investigation might show that embolism of the plexuses is reflected in alterations of a characteristic kind in the cerebrospinal fluid. I wish to thank members of the Staff of the Radcliffe Infirmary and of the Military Hospital for Head Injuries for the use of their Medical Research Council records. ADDENDUM Since these notes were written a second case has been observed in which cerebral fat embolism complicated a depressed fracture of the right frontal bone.
This patient, a male, aged 39 (Military Hospital for Head Injuries, No. 58I), wFas admitted eight hours after injury in a motor-cycle accident. Apart from the head injury he had slight abrasions of the right leg and a fracture of the right clavicle. He was suffering from shock and was conscious but not confused. Blood-piressure 130/75 mm. ; pulserate _8. Treatment on the day of admission was confined to excision of the scalp wound and reduction of the fractured clavicle. Following this he became drowsy, cyanosed and apathetic; moist sounds were found in the chest accompanied by cough. Three days after the accident his temperature had risen to I03°F.-there was neck rigidity and a bilateral Kernig's sign. Diminished movement of the lungs at both bases and a respiration rate of 40 raised the problem X-hether pneumonia or meniingitis wvas mainly responsible for his condition. Repeated lumbar puncture had consistentlv yielded bloodstained fluid containing an excess of white cells, but no organisms were found in filmus or cultures. In view of the involvement of the right frontal sinlus in the fracture it was decided to explore this region: the depressed fragments of bone x-ere remloved, softened brain beneath these w-as sucked out and the area packed x-ith sulphanilamide powder. Nevertheless the general condition of the patient steadily deteriorated with mlaintenance of pyrexia, high respiration and pulse rate and he dlied ninie dla-s after the a ccident.
At necropsy the lun,gs showved bronchopneumonia ancd scanty fat emboli. Ther-e was no evidence of infective meningitis; slight subarachnoid hxmorrhage involved the greater part of the brain. On section the brain show-ed a blotchy hyperximia and some petechial hlemorrhages as in Case I. Microscopically fat emboli wvere rather sparse in the cerebrum and affected the wvhite rather than the grey matter; they were more numel-ous in the cerebellum and were abundant in the choroid plexuses. Ther-e wN-as no evidence of infective meningitis. Traumatic softening was localized to the right frontal pole. a superficial wound over the left iliac fossa. He was taken to St. Marv's Hospital, Plaistowv, where it was noted that his pupils were dilated, the left being larger than the right, and that he was practically unconscious. The right leg wx-as amputated and the abdominal wound excised and sutured. He was transferred next day to Clayburv Emergency Hospital. He wvas there noted to be drowvsy with some twitchingof the face and hands. There was a gross general increase of tone in the limbs, and examination of the right arm started clonic spasms of the right face, arm and leg, spreading to the left side. The plantar reflex on the left side was extensor in type. He died on October 23, three days after being wounded.
Post-mortem examination revealed small haemorrhagic areas in the lungs and numerous petechial haemorrhages in the white matter of the cerebrum. After fixation the right cerebral hemisphere wvas sent to me for examination. It showed small brownish streaks in the white matter of the frontal lobe, some small h2emorrhagic areas in the frontal cortex and a larger but very limited hemorrhage into the splenium of the corpus callosum.
On microscopical examination of frozen sections, stainied bv Scharlach R and hxnmatoxvlin, many vessels both in the cortex and white matter w-ere found to be plugged with fat, which was partially anisotropic. The number of vessels affected varied from one place to another; in some areas of the cortex almost every vessel w-as filled with fat, other areas showved none.
In the white matter there were in addition very numerous small perivascular areas of demyelination, extending a variable distance from the wall of a small vessel wxhich w-as usually seen to be plugged with either fat or thrombus. The largest of these areas measured 6oo ,u in transverse diameter, the smallest about ioo u. They were often oval, suggesting that they followed the vessel along its course, but no vessels were cut in a sufficiently longitudinal direction to be sure of this point. The tissue in most of these zones could not be called necrotic, since there was little alteration of nuclei; the mvelin however failed to stain either by Scharlach R or by Weil's iron-alum hrematoxvlin method, although no breakdown products of myelin could be seen wN-ith Scharlach R.
The axis cylinders w-ere present in the demyelinated area but showed evidences of degeneration such as sw-ellings and irregularities on their course.
The margin of some of these areas wvas fairly sharply defined; in others there wvas a more gradual transition towvards healthy myelin, through a zone in which the myelin sheaths Avere beaded and stained poorly. In some of the areas -there w as a central zone of necrosis, measuring about a half or two-thirds of the diameter of the demvelinated area, and usually surrounded by an irregular circle of microglial cells. A similar central zone of necrosis ringed by microglial cells was present in some p)erivascular haemorrhages, wvhich showed the typical picture of ring hzmorrhage. But no hamorrhage w-as present in the great majority of the areas. The macroscopical appearances gave, in fact, no hint of the large number of these small areas visible in sections stained for myelin. They were especially numerous in the occipital lobe.
Some of the areas in the outer zones of the white matter passed for a certain distance into the cortex, and here, in addition to loss of myelin, there was great shrinkage and loss of staining pow er of the neurones. The neuroglial and microglial elements appeared to be little affected in these areas, and the walls of the vessels showed little change except proliferation and swelling of the endothelium in some. Other areas appeared to be confined to the outer part of the cortex. These also showed shrinkage and loss of staining of neurones, and in some no neurones were demonstrable. Here as in the wvhite matter the axis cylinders were relatively little affected. The demarcation of these cortical areas was remarkably sharp. One passed immediately from an area in which the neurones were scarcely recognizable to one in which they showed no appreciable damage.
These well-defined areas of destruction of neurones and myelin are quite unlike those seen in any other condition. While those in the wlhite matter resembled in size the perivascular areas of demyelination in the encephalitis wshich may follow variola, vaccinia, measles, influenza, &c., there is in this condition a great p)roliferation of microglia throughout the demyelinated zone, even in cases dying a very few davs after the onset of cerebral symptoms; and they do not show the smaller central area of necrosis ringed by a single layer of microglial cells, nor the cortical areas of neuronal degeneration. These appearances should therefore make it possible to recognize fat necrosis by ordinary tissue stains even in non-hoemorrhagic cases.
This case shows that haemorrhagic lesions may be insignificant in brains with fat embolism, and certainly much less prominent than in most fatal cases of cerebral contusion. And although petechial hemorrhages in the white matter are the chief or the only abnormalities apparent on macroscopical examination of the brain in fat embolism, it is evident that ischaemic degeneration of neurones and mvelin are of much more importance in the production of symptoms.
Dr. A. C. Frazer desired to ask one or two questions of Dr. Robb-Smith. After every fatty meal quite a large amount of fat passed into the blood-stream. It was almost certain that some sort of fat embolism actually occurred and the capillaries became blocked with fat. A large amount of fat also got caught up in the lung. What, in Dr. Robb-Smith's opinion, was the relationship of the intake of food to the pathological factor? Accident cases were obviously more likely to have a high blood-fat content than cases coming to autopsy in the ordinary way. Although the accident might have occurred some time after the taking of food, the condition of shock would tend to delay the dispersal of fat in the capillaries, and therefore -one might expect to find fat remaining in those vessels. It would be interesting to know what was the state of nourishment in the cases described.
The second point concerned the relationship with anmesthesia. In a number of stages of blood-fat, the dispersal of the fat and its presence in certain organs, particularly the liver, were quite definitelv affected by anaesthesia.
Thirdly, had Dr. Robb-Smith any information about the protein of the blood in these cases? It had been recently shown that the protein was the most fundamental stabilizing factor for blood-fat. Dr. A. Meyer said that in collaboration with Dr. Nightingale, he investigated a psvchotic case, in which cerebral fat embolism was caused during treatment with triazol (Journal of Mental Science, 1940, 86, 819) . Besides fat emboli in the cerebrum and cerebellum and areas of necrosis there was a widespread thrombosis of large and medium sized bloodvessels. At the time of writing the paper Dr. Nightingale and he were of the opinion that the thrombosis might have been caused by severe disturbances of the blood circulation following fat embolism. This was in accordance with the views expressed by Neubuerger and Weimann. There was some doubt, however, whether this interpretation was correct. Whatever the explanation might be, it was interesting that Dr. Russell also found thrombosis in one of her cases of cerebral fat embolism.
How difficult the interpretation of the lesions may occasionally be was further shown by a case of cerebral fat embolism which was recently observed among a series of airraid casualties investigated at the Central Pathological Laboratory by Professor Nevin and himself. This was the case of a child who had been in a bomb explosion, sustaining fracture of skull and superficial injuries of the skin. The child died within a week of the injury. When a post-mortem examination was made fat embolism of the lung was found. The brain showed superficial bruises which were probably the sequel of mechanical injury. In addition, histological examination showed numerous fat emboli in most parts of the brain including the cerebellum (fig. 1 ). There were many areas of nlecrosis and early softening which had an unusual appearance in that they stretched for considerable distances along the borderline of the cerebral cortex and white matter, involving the deeper layers of the cortex and the adjacent superficial white matter. This was particularly marked in the occipital lobe but occurred also in many other parts of the cortex (figs. 2 and 3). This " quasi " svstemic appearance of softening had been observed bv different workers in various conditions of a vascular pathology. For the sake of comparison he showed the same appearance in a case of carbon-monoxide poisoning of his own observation. This case died sixteen years after the acute poisoning and many glial scars were found 6f the same localization.
The most surprising finding in the brain of the child was a bilateral selective softening of the globus pallidus ( fig. 4 ). It was interesting that while an abundance of fat emboli was seen in manv parts of the brain so far not a single one wvas found in or near this softened zone of the globus pallidus.
In considering the pathogenesis of this case one possibilitv was that fat embolism was the result of the skull fracture and that at the same time carbon-monoxide poisoning occurred owing to the emission of gases following the bomb explosion or other circumstances. The clinical history gave no clue in this direction. On the other hand none of the changes was absolutely specific to carbon-monoxide poisoning. Selective softening of the globus pallidus had been described in a great variety of other conditions of anoxia. Rotter had found it in a case of head injury with ensuing respiratory failure. Dr. Robb-Smith had pointed out the importance of secondary anoxia in fat embolism. So far selective softening of the globus pallidus had not been seen in cases of uncomplicated cerebral fat embolism.
Both cases indicated that while cerebral fat embolism may undoubtedly lead to severe necrosis and haemorrhage there mav be complications which mav account for at least a part of the lesions. This point is particularly important in regard to air-raid casualties in which among others carbon-monoxide poisoning is always a possibility. Dr. H. C. Stewart said that concerning the origin of this fat there were two main probabilities. Either the fat came from the food or else from the depots and especially from the parts of the body in which the tissues had been damaged. Had Dr.
Robb-Smith made observations on the temperature of the limb or other part that had been damaged? Again, after death did the section of that part show anv alteration in the consistencv of the fat In other words, was it more fluid than fat in the rest of the body? In their physiological studies these fat particles wvere verv difficult to break down, and he felt that the changes necessary to produce coagulation or confluence of fat particles big enough to block these vessels would have to be very profound. It seemed to him therefore that the fat probably came from the damaged part itself.
Mr. A. Dickson Wright recalled a case of a woman on whom he had operated fora bone graft. After three days her respiration rate increased, she became verv ill, went into a coma and died on the seventh day; post-mortem examination revealed fat embolism. Since then he had always felt that the reservoir of fat within the bones was potentiallv dangerous and that, if it is exposed at operation, the wound should be well flushed out with ether, in order to get rid of anv free fat globules. He remembered manv years ago reading a paper by a Japanese author who had evolved a technique for estimating the size of fat globules in the blood-plasma. If, after a fracture, he found globules of such a size as were likelv to produce the condition of fat emb9lism, he watched carefullv for the development of svmptoms. He wondered whether Dr. Robb-Smith had ever encountered this paper: the method might be of valuLe when a method of treatment of this condition is evolved. Major D. E. Denny-Brown asked if it was known how long the mvelin changes took to develop. He remembered being very surprised on studying Scharlach sections of the brain from a case of fat embolism shown him some two years ago by Mlr. Hunt to find that, although the cerebral vessels were frequently filled with fat, there w%,as no myelin degeneration. Death had occurred after about thirty-six hours. The importance of this point was in relation to the supposed pathology of states of unconsciousness due to trauma in the absence of gross cerebral lesions. Great significance had been attributed to multiple petechial ha-morrhages in the brain. But generalized petechial haemorrhages throughout the hemispheres were very rare; for example, five cases were reported by Cassassa (1924) out of thousands of autopsies on cases dying as a result of head injurv. If these generalized petechial haemorrhages were related to states of traumatic unconsciousness and confusion, the pathology of the condition wvas not only rare but also quite possibly only that of early cerebral fat embolism, before change in the myelin had occurred. Martland and Beling (1929) stated that out of Cassassa's five cases one certainly had fat emboli, and also one case of multiple petechial haemorrhages reported by Osnato and Giliberti (1927 Dr. Eric Gardner said there was one aspect of this problem which had a considerable practical importance. It concerned those cases in which death was far too common after road accidents, and the following instance might be taken as a type.
A young man wvas run down by a lorry, and his leg was crushed from the knee to the ankle. Although he w-as not severely shocked on admission to hospital and was sitting ul) on his stretcher smoking and talking, it w-as deemed advisable to wait for some four hours before attending to his leg. He vas kept w%arm during this time and wvas given morphia. Under an ancesthetic of gas and oxygen the leg wvas examined, and although there was little hope of saving it, it w-as thought inadvisable to amputate, and it was put up for the time being in a moulded plaster gutter, wvhich necessitated a good deal of manipulation. He never fulls-recovered consciousness and died some six hours later. Subsequent examination showN-ed a most extensive degree of pulmonary fat embolism; fat being found not onlyin the capillaries of the lung but blocking many of the larger vessels. It is possible that an early amputation might have saved this bov's life, but in all such cases, as the danger of fat embolism came to be realized, so too would the necessity for extreme gentleness in manipulating this type of fracture. He did not think that pulmonary fat embolism was a common complication of fracture in young people, unless as in the case quoted above, the injury was unduly severe. It was possible that in young people the heart was able to clear the lung, and this might explain whv cerebral fat embolism appeared to be more common in them than in the old. It was noteworthy that all the instances of cerebral fat embolism mentioned during the course of this discussion had occurred in those under 30, and that tallied with his experience.
In old people, on the other hand, pulmonary complications were cxceedingly common after an injury such as a fracture of the neck of the femur, when the fat was probably derived more from the bruised tissue than from the broken bone. Mlany of these old people died from hvpostatic pneumonia within a wveek of their injurv, bit examination invariablv showed extensive fat embolism blocking the pulmonarv capillaries and slowing the circulation, but it was unusual to find any degree of fat in the cerebral vessels in such cases.
He also referred to those cases, admittedlv not common but still too frequent, where death occurred during the remanipulation of a fracture under an anaesthetic. The surgeon was often inclined to doubt the pathologist's finding of fat embolism, maintaining that he had carried out many such procedures without ill-effect. But sudden death did occur under these circumstances, sometimes even in cases where two or three previous manipulations had been performed safely. Here again extreme gentleness in these operations was indicated.
The President said that one of the points which appeared to be dominant in all contributions (in the literature as well as in the papers just read) was that in order to obtain fat embolism most surelv the bone must be injured. That was significant. The surgeon at his operations was accustomed to interfere considerably with body fat. In doing gastric operations or colectomies on fat people, for example, he handled, pulled, or squeezed omentum. In amputating the breast he manipulated fat. It might be that the method he adopted in doing so, whereby he ligatured all the vessels, had an important preventive effect. But there may be a second explanation which left the first one untouched, namelv, that it was the type of fat which was different, or if not that, or in addition to that, the vessels might be different in the medulla of the long bones from what thev were in the other tissues he had mentioned. There was no doubt that the intra-osseous veins-the veins of the medulla-were different from the types of veins met with in the abdominal cavity and the subcutaneous tissues. They were not veins in the ordinary sense of the word, and it might be quite possible that there was a forcing back of fat into the vessels of the medullary cavity after a manner which did not occur in other regions. He himself first heard about this question of fat embolism thirty years ago. Sir Rickman Godlee and Gwynne Williams published a paper (Lanicet, 1911 (Lanicet, (i), 1062 . Amongst the cases discussed in that paper there were two of fat embolism of the brain, proved at post-mortem. One of them, as in the case that Dr. HunLt had just described, was operated on as a probable cerebral hcmorrhage, and it must be admitted that there were times when it was extremely difficult to know whether a head injurv had occurred at the same time as the accident and whether the svmptoms were due to an intracranial hxemorrhage. In both cases there were coma, restlessness, delirium, and so forth, but of course the picture was reallv not the same on close analysis. There was the lowered blood-pressure, the greater cyanosis, and quite a number of points that imnpressed the experienced clinician and showed him that the case was really not a head injury. Yet, it was a source of possible confusion.
In this connexion, American writers in particular had raised the question of the tvpe of anaesthetic used not just the anoesthesia but its type-and it was interesting to note that in this paper by Godlee and Gwynne Williams chloroform was used and not fat-solvent ether. Some experimental workers had wondered whether the thrombosis which occasionallv accompanied a fracture of the lpwer limb might be due to fat embolism. They had observed in experimental animals a tendency to endothelial proliferation in the vessels of the limb. It was indeed a pity that the opportunities for examination were becoming more and more limited to coroner's cases, so that in the end we are likely to have what has already happened in America, namely, the accident side completely divorced from the general treatment in the hospital. Dr . Robb-Smith (in reply to Dr. Frazer) said that with regard to the degree of nourishment, it had been maintained that obese people were more liable to develop fat embolism than thin people, but in his series of cases he had considered the weights of the cases, and these were not significant. As for the sort of meals they had been having just before the accident, he had not investigated this, nor had he any idea as to the temperature of the limb that was exposed to the injury. So far as he had gone with dark-ground illumination the character of the fat globules of a physiological lipaemia were far smaller than the globules one saw in fat embolism; the difference was enormous. Further, as he had mentioned, if one examined the tissue around a fracture one would find post mortem and he believed at operation as wellliquid fat lying there, and that fat was present in very large globules. It was quite clearly extracellular, partly marrow fat and partly connective tissue fat. The cell membrane ruptured and the fat was released. He was strongly in favour of the view that the fat was derived from the traumatized area, but in some cases, as i-n the case of poisoning, the evidence was not so good. Dr . Macfarlane and he were investigating the possible presence of lipo-proteinase in the blood of people suffering from trauima, but this work was still in the very early stage.
As for anaesthesia. the vast majority of the cases he had examined did not have anmsthetics, or only gas and oxvgen. But there was experimental evidence that in animals, where fat embolism had been induced by injection of fat and the animal killed while under ether anaesthesia, the degree of embolism was much less than in a controlled series. On the other hand, if one waited for the animal to regain consciousness and for the ether to be dispersed, then the actual degree of embolism was much more marked than in the control series. It had been suggested that it was a good thing for accident cases to be given ether anaesthesia, not so much for ease of manipulation, but just as a prophylactic measure. The evidence, as far as it went, was that it was a bad thing, not a good thing.
On Dr. Gardner's point, he had seen cases develop massive fat emboli following manipulation, and in quite a number of cases of re-manipulation one found fat in the urine occurring a short while afterwards, some twenty-four hours or so. It had been suggested that in cases in which there was a danger of fat embolism it would be useful to cannulate and drain the part, wash through with some fluid and close up.
He agreed with Dr. Gardner that cerebral fat embolism appeared in young people; but as the vast majority of severe traumata occurred in young people he did not know how significant it was.
He emphasized the point which Dr. Hunt had raised, that one must not go away with the idea that fat embolism was the most frequent complication of trauma. There was always a danger of popularizing a condition and giving it undue prominence. An example of this at present was the attention paid to blast, which was regarded as the common cause of death among the victims of an enemy bomb. Probably one would find that fat embolism was a frequent complication of trauma, but that it was not all-important.
